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Rabs, have to be synthesized enzymatically and purifiedBinding Platforms for Rab
for the detailed kinetic and structural analysis. AlthoughPrenylation and Recycling: crystal structures of RabGDI and RabGGT were solved
several years ago [1, 2], both are in the apo form withoutRab Escort Protein, RabGGT,
any bound lipid or protein substrates. Compared to theand RabGDI
field of protein farnesyltransferase in which extensive
structural and biochemical studies have already revealed
much of the mechanism with regard to substrate binding
and catalysis [3], our understanding of the double preny-
The crystal structure of Rab escort protein (REP) de-
lation catalyzed by RabGGT has long lagged behind.
termined in complex with Rab geranylgeranyltransfer-
To date, much of our knowledge regarding interac-
ase (RabGGT), and a new RabGDI-lipid structure shed
tions between Rab and REP/RabGDI come from the
new light on how these two related proteins recognize
mutagenesis and biochemical studies of the RabGDI
different protein components in Rab prenylation and
protein. These data have revealed several highly con-
recycling pathways.
served sequence regions that form the so-called Rab
binding platform on RabGDI and presumably on REP as
Rab proteins are Ras-like small GTPases that play a well. A mobile effector loop on RabGDI has also been
critical role in the regulation of the intracellular vesicle identified to be involved in the interaction with a putative
trafficking in the exocytic and endocytic pathways. So membrane receptor. It has been proposed that a recently
far, over 60 Rab proteins have been identified in mam- identified membrane-bound Hsp90 chaperone complex
malian cells, and they display a characteristic pattern may fulfill the role of receptor that recruits RabGDI to the
of subcellular localization and act as molecular switches target membrane [4]. In this issue of Structure, An et al.
in controlling the main steps in vesicular transport, [5] report the structure of RabGDI in complex with a
including cargo selection, budding, targeting, and dock- chemically synthesized geranylgeranylated cysteine li-
ing. Like Ras and many other regulatory GTPases, in- gand that partially mimics the binding of the lipid-modi-
cluding the trimeric G proteins, Rabs are posttransla- fied Rab with RabGDI. The lipid binding site on RabGDI
tionally modified by lipids at their C terminus, and this is now identified and more importantly, the binding of
lipid modification is essential for their membrane associ- the lipid induces large conformational changes at the
ation and function. The attached lipids, in most cases effector binding loop of RabGDI, which could potentially
the two 20-carbon geranylgeranyl isoprenoids, are par- affect the specific interactions between RabGDI and
ticularly important for the tight and specific interactions the membrane-bound acceptor. These findings further
between Rab and Rab-specific GDP dissociation inhibi- confirm the role of the mobile effector loop and have
tor (RabGDI), a protein that extracts Rab from the target immediate implications in the RabGDI-mediated Rab
membrane and recycles it back to the donor membranes recycling. Specifically, upon interacting with the putative
(see Figure). The covalent attachment of lipids to Rab acceptor, RabGDI would retrieve the prenylated Rab
is catalyzed by the Rab geranylgeranyltransferase from the membrane; subsequent binding of the preny-
(RabGGT or PGGT-II), a member of the protein prenyl- lated Rab would cause the conformational changes of
transferase family that also include protein farnesyl- the mobile effector loop that would disrupt the interac-
transferases (PFT) and geranylgeranyltransferase type tion with the receptor and lead to the release of the
II (PGGT-II). RabGDI-Rab complex from the membrane. Certainly,
RabGGT catalyzes the transfer of two geranylgeranyl more detailed structural and biochemical studies are
isoprene lipids to two adjacent or closely spaced cys- required to further characterize the specific interactions
teine residues at the C terminus of Rab through thioether between the doubly prenylated Rab and RabGDI, as the
linkages. This reaction is distinct from that catalyzed by physiological relevant ligand for RabGDI is prenylated
PFT and PGGT-I, which attaches only a single lipid (ei- Rab and not lipid alone. Further studies can now also be
ther a geranylgeranyl or a farnesyl group) to Ras and carried out to identify the component of the membrane
many other signaling proteins. Additionally, unlike PFT acceptor complex that specifically interacts with Rab-
or PGGT-I, RabGGT does not recognize Rab protein GDI, presumably through the mobile effector loop.
alone or short peptides containing the appropriate pre- Whereas REP protein uses a scaffold similar to that
nylation motif, but only binds to its protein substrate of RabGDI to bind Rab, there are important differences.
when Rab is complexed with an accessory protein called REP binds both unmodified as well as mono- or doubly
Rab escort protein (REP), which is homologous to Rab- prenylated Rab, while RabGDI only binds to the doubly
GDI but is elaborated with several insertions. This unique prenylated Rab. It has also been demonstrated that REP
requirement presents tremendous technical challenges can also form a stable complex with RabGGT in the
in the study of Rab prenylation: each component of the presence of phosphoisoprenoids and the absence of
Rab prenylation machinery, which includes the 105 kDa Rab [6]. The existence of such a complex in vivo proba-
heterodimeric RabGGT, 21–25 kDa Rab, and 72 kDa bly depends on the relative concentrations of newly
REP, needs to be purified separately. Several reaction synthesized Rab, REP, and RabGGT. In the February
issue of Molecular Cell, Pylypenko et al. report the crystalintermediates, such as mono- and doubly prenylated
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A Structural Perspective of Rab Prenylation and Recycling Cycle
(A) Newly synthesized unmodified Rab (orange) binds either to Rab escort protein (REP; yellow) to form a stable complex (1), or to REP and
Rab geranylgeranyltransferase (RabGGT; cyan and magenta for the  and  subunit, respectively) complex (2), and is doubly prenylated.
Prenylated Rab (Rab-gg) is thought to be delivered to the donor membrane in complex with REP (3), which then recycles to bind other nascent
Rab proteins (4).
(B) Rab GDP dissociation inhibitor (RabGDI; green) is believed to interact specifically with a membrane-bound acceptor and retrieves Rab
from the target membrane (1). Binding of the prenylated Rab induces certain conformational changes on RabGDI that would facilitate the
release of RabGDI-Rab complex from the membrane acceptor (2). RabGDI would eventually deliver Rab proteins back to the donor membrane
(3) and itself recycles back to the cytosol (4). The crystal structures of each individual component in the Rab prenylation and recycling systems
are now known. The structures of several key complexes (boxed) in these processes have yet to be elucidated.
structure of the REP-RabGGT complex in the presence Rab, with either RabGDI or REP. An even more daunting
task necessary for the ultimate understanding of theof geranylgeranyl diphosphate (GGpp) [7]. The complex
revealed an unexpected interface between the two pro- double-prenylation mechanism of RabGGT would be to
eventually obtain the quaternary complex structures ofteins that buries a surprisingly small surface area. Never-
theless, mutagenesis and other biochemical evidence RabGGT, REP, Rab or lipid-modified Rab intermediate,
and lipid donor molecule(s). Nevertheless, exciting prog-seem to support the physiological relevance of such a
complex. Lipid binding to RabGGT appears to cause ress has already been made toward these goals [8].
subtle conformational changes that propagate to the
REP binding interface and result in the increased affinity Hong Zhang
between the two proteins. Contrary to previous specula- Department of Biochemistry
tions, the additional leucine-rich repeat (LRR) and Ig- University of Texas Southwestern Medical Center
like domain in RabGGT are not involved in the interaction 5323 Harry Hines Boulevard
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interact with Rab based on the modeling studies. Given
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determined [2]. At low pH, the hemagglutinin undergoesThe Bacteriophage PRD1 Uses
a considerable conformational change to expose a pre-a Pseudo- Propeller viously hidden fusion peptide, which is believed to insert
into the cell membrane. The fusion peptide and the Cto Bind to Its Cellular Receptor
terminus of the hemagglutinin, which is anchored in the
viral membrane, come into close proximity. This would
then allow fusion of the viral and cellular membranes.
The bacteriophage PRD1, prototype of the Tectiviri-The receptor binding protein P2 of the bacteriophage
dae, targets antibiotic-resistant bacteria using the con-PRD1 has been shown to consist of a propeller “head”
jugative DNA transfer complex as receptor. PRD1 is thuswith pseudo-6-fold symmetry and an elongated “tail”
a potential bactericide. It is unusual in that it does notwith a protruding proline-rich “fin.” This novel viral
have the tail used by most dsDNA bacteriophages forreceptor binding structure is suggestive of its orienta-
genome delivery. However, when its receptor bindingtion on the viral capsid and its role in viral entry.
protein P2 binds to the receptor, a conformational
change in the proteins at the vertex below P2 is trig-Viruses are all faced with the problem of how to deliver
gered. This initiates disassembly of the vertex and sub-
their genome into the appropriate compartment of a
sequent formation of a tube that protrudes through the
suitable host cell for reproduction. They have explored
vertex to deliver the dsDNA genome to the host cell [3].
a remarkable variety of solutions to this problem. While
The PRD1 capsid consists of an icosahedral protein
all viruses recognize their host cell via one or more
shell containing an internal protein-rich membrane. The
specific cell surface molecules, their receptor binding
structures of the major capsid protein, P3 of PRD1 and
sites range from the tip of a spike-like protein, for exam- hexon of adenovirus, show a remarkable similarity of
ple the dimeric VP4 of rotavirus A, to a depression or pit fold, and both PRD1 and adenovirus capsids also have
on the viral capsid, as seen in polioviruses, echoviruses, a T  25 lattice. The similarity of fold and lattice of the
and the major group human rhinoviruses (HRVs). Other major coat proteins of PRD1 and adenovirus led to the
receptor binding sites are found on membrane glycopro- hypothesis that there is an evolutionary relationship be-
tein spikes, as for influenza A virus and HIV, or on an tween these viruses [4, 5]. The recent determination of
extended loop on the viral capsid, as for FMDV, or simply the structure of Vp56 of PBCV-1 also revealed a strong
on a slight mound on the viral surface, as for the minor similarity with P3 and hexon [6]. Each of these capsid
group HRVs. Certain viruses employ two cellular recep- proteins also contains a double jellyroll motif modeled
tors. Such a virus is adenovirus 3, which has one binding on the single jellyroll motif of the picornaviruses. While
site on a knob at the distal end of a long trimeric fiber PBCV-1 has a T  169 d lattice, the structural similarity
protein and the other at the tip of a protruding loop of the major coat proteins led Michael Rossmann and
on the pentameric base. The receptor binding knob on colleagues to propose a common origin for PRD1, ade-
adenovirus 5 has a novel triple -spiral fold [1]. novirus, PBCV-1, and also the picornaviruses [6].
For many viruses, receptor binding initiates directly The determination of the receptor binding protein P2
or indirectly the structural changes necessary for release of PRD1 by Roger Burnett and coworkers reported in
of the genome from the viral capsid and its passage this issue of Structure [7] is a significant step toward
across one or more membranes. For example, the bind- understanding the viral entry of PRD1. The vertex spike
ing of a major group HRV to ICAM-1 directly catalyzes on PRD1 is composed of pentameric P31 at the base,
RNA release. In contrast, binding of a minor group HRV which interacts with trimeric P5, which is topped by P2,
to its LDL receptor, or binding of the influenza A hemag- most probably a monomer. This spike complex is the
glutinin glycoprotein spike to sialic acid residues, does counterpart of the adenovirus fiber and base. P2 is com-
not immediately initiate RNA release. This is triggered posed mainly of  sheet with what is described as a
by the low pH conditions found in the late endosome. seahorse shape 146 A˚ long (see Figure). The “head”
The influenza A hemagglutinin is the best-characterized consists of a novel  propeller with pseudo-6-fold sym-
viral receptor binding protein, as the structure of both metry and the elongated “tail” consists of an extended
loop with a protruding loop or “fin.” The head containsthe native metastable and fusionogenic forms have been
